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(^) CaihAar a soupape double vole exta|e, 

B7) II s'tigH d'un catheter presenmnt un tubte-catheter (10) 
mntenmant un conduit Interne (3) s'ritendant eulvant un axe 
(10a), at au mains una soupape deux voles* (5) assocjee & 
ce tuba ppur une communication selective entre son 
conduit et re*t6rJeur- 

Se/on rinventlon la soupape (5), normalemem fermee au 
repos, est disposed face au conduit (3), senslblernent suL 
vent son axe (10a). 

Application noternment oust catheters vasculalroa. 



T 



7~ 



lb 



lc 



UnTH T^NSCATToia 
ArTTAcCHtEh 



2707505 



1 

L ' invention se rapporte a un catheter 
vasculaire £ soupape(s) double voie(s), fabrigug en un 
matfiriau flexible, et "doux" (c'est-a-dire npn agressif 
vis-a-vis des parois du vaisseau) et au moins localement 
tres souple, par e^emple en silicone ou en roatiere a base 
de polyurethane auguel on ajoute des additifs pour en 
augroenter la souplesse. 

Des a present, on notera que l»on appelle 
"soupape double voie 11 une ouverture auto-obturable (c^est- 
a-dire norma lenient ferm£e, au repos, de man i ere 
seneib lenient etanche aux liquides) , pouvant etre m&nagee 
dans une parol et permettant & un fluide de s'ecouler 
depuis le catheter vers I'exterieur, si un differential de 
pression predetermine entre I'interieur et l'exterieur du 
catheter est applique, cette soupape prfevenant malgre tout 
£coulement de fluids a 1' inverse, depuis l'exterieur vers 
sion conduit interne, a moins que soit exerc© sur elle un 
second differentiel de pression negatif pred§termin6 a 
priori supSrieur & la pression que peut normalement exercer 
le sang ou un fluide corporel sur cette soupape depuis 
l'exterieur. Avec une telle soupape, on evite ainsi 
notamroenfc que du sang ou un liquide corporel puiese 
penetrer inopinement a I'interieur du catheter, sans que 
son entree soit souhaitge. Si, par contre, on desire, par 
example, effectuer une ponction, alors la depression 
volontairement cre§e par aspiration £ l 1 inter ieur du 
catheter permet 1' entree du fluide dans celui-ci. 

En d'autres terioes, une telle soupape deux 
voies assure une circulation contrdlee et selective de 
fluids vis-a-vis du catheter qui en est equipe. 

Dans la technique, il existe d£j& des catheters 
de ce type, en matiere souple, synthStique, present ant 
done : 

- un tube-catheter renf ennant un conduit 
interne s'etendant suivant un axe, et 

- au moins une soupape deux voies associee 3 ce 
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tube-cath§ter, vers une extremity de son conduit , ladite 
soupape fit ant propre S communiguer d'un c6tfi avec 
l^xtSrieur et, de 1" autre, avec ledit conduit pour une 
comrouni cation selective entre ce conduit et 1 ■ext&rieur, " 
telle que lorsgu'un diff£rentiel da pression determine 
existe entre l'int£rieur et l , extfirieur du tube-cath§ter, 
la soupape s'ouvre en dSfinxssant un orifice temporaire & 
travers lequel un liquide peut soit entrar dans le 
catheter, soit en sortir. 

Parmi les cathfiters de ce type connue, on peut 
en particulier cit^r celui des brevets am&ricains US-A- 
4549879 , US-A-4671796 ou US-A-4701106. 

Dans ces diff£rents brevets, la soupape, qui se 
prfesente comme une fente lin&aire parallele 3 l'axe di; 
tube- catheter et de son conduit interne , est mSnag&e dans 
la paroi latfirale du tube, d proximity de son extreinit€ 
clistale, c'est-S-dire de l'extr&nite oil celui-ci se termine 
par un bout arrondi ferine. 

Une telle disposition laterals de la soupape 
peut presenter des .inconvenients, parmi lesquels on peut 
noter des risques non n^gligeables d •endonunageirtent de la 
2 one de paroi du vaisseau face & laquelle sera plac&e la 
soupape, €tant donn§ la nature souvent agressive des 
produits pouvant Gtre distribufis dans les vaisseaux, par de 
tels catheters. 

II a 6ga lenient etS constats que dans certaines 
situations , la soupape double voie dee catheters antferieurs 
avait tendance & s'ouvrir trop facileroent, dans un senp ou 
dans l» autre , ou au contraire, ft s'ouvrir trop 
dif ficilement, n§cepsitant un diff£rentiel de pression trop 
important. 

Egalement, il est apparu que l'ouverture ou la 
fermeture selective des soupapes pouvait ne pas &tre 
ofctenue exactement de la raani£re souhaitee, tout 
particuliferement lorsgu'un catheter fiquipfe d'une telle 
soupape est positionnfi de telle maniere qu'il se terrains en 
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un endroit tortueux, sa courbure terminale pouvant 
entralner 1 'application d'une certaine tension ou 
contrainte de deformation but la soupape, susceptible de 
faire varier lee conditions du differentiel de pression 
n§cessaire pour son ouverture. 

L* invention a pour objet d'apporter une 
solution notamment a ces problfemes, en proposant un 
cath€ter a eoupape double voie dont l 1 utilisation soil; tout 
a Tait fiable, la mise en place ais£e, sans risque pour le 
patient , et d'un cpQt de fabrication reduit* 

Pour cela r le catheter de 1 ' invention se 
caract€rise, en particulier, en ce que sa soupape double 
voie associ&e au tube-cath§ther est dispos&e face au 
conduit de ce tube, s entitlement suivant son axe. 

De cette maniere, si un produit relativeineijit 
agressif pour le v^isseau doit y fitre introduit, il auta 
heaucoup plus de chance de se diluer dans le flux sanguin 
qu'il n'en a dans le cas d'une distribution lat&rale comme, 
par exemple, au brevet US-A-4671796 . 

En outre, cette disposition frontale ou facials 
die la soupape doit r&duire les risques d 1 af f aiblissemant 
local de la paroi du tube-cath6ter. Et mfiroe s»il se tannine 
dans le vaisseau en un endroit tortueux, son bout distal, 
s ens ib lenient au niveau duquel sera done dispos§e la 
soupape, ne devrait pas en pStir. 

Selon une autre caract£ristigue de l f invention, 
la soupape pourra se raccorder au conduit du tube par un 
passage allant en divergeant vers la soupape, permettaivt 
ainsi d ' augmenter la surface d 1 ouverture de celle-ci, 

Diffferentes conformations de soupape ont et£ 
envisagees dans 1' invention. 

Ainsi, cette soupape pourrait tout d f abord 
presenter un trou frontal, normalement ferm§, au repos. 

En variante, la soupape pourrait aussi 
consister en une fente s'etendant essentiellejnent 
transversal ement a l'axe du conduit du tube-catheter, Cette 
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f ente peut notamment presenter la forme d'une ligne 

"lineage 1 " . Mais on pourrait fegalement envisager une 

conformation en coiirbe, voire autre. 

Au lieu d'une fente unique, il a €galement £t§ 

imaging la po*ssibilit§ de conformer la soupape coircme line 
croix, voire etoile a au moins trois branches, 

D'autres caractSristigues et avantages de 
1' invention apparaltront encore de la description qui va 
suivre, faite en rfffirence aux dessins annex£s f donnfes 
uniquement & titre d' examples non limitatifs, et dans 
lesguels 

- la figure 1 est une vue scheroatique de face 
d'un tubB-catheter conforme § 1' invention, 

- la figure 2 est une vue locale en coupe 
aixiale m€diane d'une premiere variante de realisation de 
l'extr€mit£ distale du catheter, 

- la figure 3 est une vue dans le sens de la 
fleche III de la figure 2, 

- la figure 4 est une vue faite coznme celle de 
la figure 2, d'une autre variante de realisation, 

- la figure 5 est une vue dans le sens de la 
fl&che V de la figure 4, 

- la figure 6 prfisente une autre variante de 
realisation tnontree selon la m&ne vue que la figure 2, 

- la figure 7 est une vue dans le sens de la 
fl&che VII de la figure 6, 

- la figure 8 montre une variante 

suppl Omenta ire de realisation selon la mSme vue que celle 
de la figure 2, 

- la figure 9 est une vue en coupe compietee 
par symfitrie le long de la ligne IX - IX de la figure 8, 

- les figures 10 et 11 montrent schema tiquement 
deux etapes de f oncrtionneioent en injection, et en 
aspiration, du catheter de la figure 8, 

- la figure 12 est une vue de face dans le sens 
de la fleche XII de la figure 10 ou de la figure 11, 
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- la figure 13 illustre une autre variants de 
realisation du catheter selon une representation identique 
a celle de la figure 2, 

- la figure 14 est une vue dans le sens de la 
5 fleche XIV de la figure 13, 

- la figure 15 montre encore une autre variante 
de realisation, toujours selon une meme representation que 
celle de la figure 2, 

- la figure 16 correspond § une vue du catheter 
) de la figure 15, en perspective , 

- la figure 17 montre encore une autre variante 
de realisation, toujours suivant une representation 
comparable 3 celle de la figure 2, 

- et les figures 18 et 19 montrent deux 
possibles conformations de face du catheter selon la fleche 
XVII de cette meme figure 17. 

Si l»on s'interesse tout d'abord, en 
particulier, & la figure 1, on voit done reperfi, en 1, un 
catheter susceptible d'Stre introdult dans un vaisseau 
sanguin notamment d'un corps humain. Ce catheter presents 
une extremite proximale la et une extremite distale opposes 
lb, presentant en l'espece un bout arrondi lc. 

Tel qu'illustrfe, ce catheter est eonstitue par 
un tube-catheter 10, renfermant un conduit interne 3, 
s'etendant suivant l'axe 10a du tube, entre see deux 
extremitSs oppos€es. 

Tandis qu'S son extremite. proximale la le tube 
est ouvert sur le diajnetre de son conduit interne, son 
extr&nite" opposee lb est normalement ferrate, tout en 
presentant malgre tout, sensiblement dans l'axe 10a, une 
eoupape deux voies 5, j&enagee & travers l'epaisseur de la 
paroi frontale de bout lc du tube pour communiquer d'un 
cfitfi avec l'exterieur et de 1' autre avec le conduit 3, de 
telle sorte que, lojrsqu'un differential de prespion 
predetermine existera entre l'interieur et l'exterieur du 
tube, la soupape pourra s'ouvrir en definissant alors un 
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orifice temporaire d'entrfie ou de sortie de liquids. 

De cette maniSre, en l 1 absence, de depression £ 
I'interieur du conduit 3, commandSe, par exemple, par tone 
ponction, la soupape frontale 5 demeurera fermee, Svitant 
ainsi notamment que du sang puisse inopinement p£n£trer & 
l*int§rieur du tube, risquant alore de s'y coaguler si 
aucun produit anti-coagulant, tel que 1 » "Heparine" , n'est 
utilisS, cette possible coagulation du sang necessitate, 
c[uoi qu'il en soit, un nettoyage du cathfeter apree chaque 
utilisation. 

Le tube 10, compte tenu de sa possible 
Utilisation l'int£rieur d'uh vaisseau sanguin, sera 
r&alis& en une roati&re biocompatible synthfitique au mo ins 
localement (vers la soupape) tres souple et flexible ou 
Elastiguement d§formable, telle qu'un silicone, voire une 
mati&re &. base de polyur&bhane trait§ pour accroltre sa 
souplesse. Un tube de diamStre de 1' ordre de 3 & 3,5 mm 
environ peut en particulier convenir, avec un conduit 
interne de 1 ' ordre de 1 , 5 ma • 

En pratique, un tel tube-catheter avec sa 
soupape frontale 5 peut etre introduit par la technique 
classique du n DESILET H . Selon cette technique m^dicale 
connue, on peut tout d'abord piquer le vaisseau, au moyen 
d'une aiguille- Ensuite, par l'in-tfirieur de 1' aiguille, on 
introduit un guide metallique souple ; puis 1* aiguille est 
retiree. Ce guide p^rmet d f introduire ensuite un premier 
tube introducteur, relativement mince, que l'on utilise 
ensuite comsie tube de guidage pour 1 1 introduction d'un 
second tube de diamdtre un peu plus important, a travers 
lequel va §tre introduit le catheter 1. Le tube de plus 
fort diametre precitS peut, par exemple, pr&senter un 
diamStre int&rieur de l f ordre de 3,5 & 4 own. 
Habituellement, 1 • introduction a lieu 3 eontre-courant du 
flux sanguin. Pour son introduction. Is catheter 1 est 
engagS & 1 1 intferieur du tube introducteur de plus fort 
diaroetre avec son extr&nitfi lb en avant. Pour faci liter la 
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mise en place du catheter, seule sa partie proche de son 
extremite distale lb pourra, par exemple, §tre r£alisee en 
une matiere plastigue tres souple, tandis que le reste de 
sa longueur, par exemple sur les tro is -quarts de celle-ci, 
5 le catheter sera cpnstitue en une matiere un peu plus 

rigide, telle gu'un polyur§thane classigue, la rigidite 
propre du cath&ter permettant ainei de le pousser 
directement jusgu'S son endroit d* implantation. Ensuite, ±1 
suffit, si necessaire, de retirer 1 'introducteur. 
) IntSressons-nous maintenant aux figures 2 a 19 

pour d€crire differentes possibles realisations du cath&ter 
de 1» invention, du c6te de son extremity distale lb. 

Sur les figures 2 et 3 tout d'abord, on voit le 
tube-cath€ter 10 avec son conduit interne axial 3 dont 
l 1 extremity terminale distale est ici "bouchee 1 * axialement 
par une piece plastigue biocompatible rapportee 7, pouvant 
avoir une duret§ l€gerement superieure a cells du tube 10 
(de l'ordre de 100 Shore A $ voire tnoins) , et fixee (par 
exemple, coll€e) a -sa periph^rie & la paroi de ce tube. 

La piece. 3 est ici constitute par deux parties 
ou demi-coguilles 7a , 7b, venant normalement , au repos, en 
contact etanche I 1 une de 1' autre euivant le plan de 
jonction 90. Ainsi, sauf si un differentiel de pression de 
l'ordre de 100 X 10 2 Pa est atteint entre l , int6ri©ur et 
l'exterieur du catheter , la fente transversale 11 de bout 
de tube (vue dans le sens de la fleche III de la figure 2) 
deineurera fermee, avec ses deux levres 7a, 7b appliquees 
l'une contre 1" autre , de fatten etanche aux liguides. 

La longueur de cette fente pourra etre de 
l'ordre du diametre de celle-cl et pourra, par ailleure, 
coiranuniquer avec le conduit 3 par 1 1 intermedia ire d'un 
passage de raccordement 9 allant en convergeant vers la 
fente- En particulier, ce passage 9 pourra presenter une 
forme cCnigue. 

Stir la figure 4 maintenant, on voit une 
variante de realisation dans laquelle I'extr^mitS distale 
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lb du tube est beaucoup plus effilee, la fente fornan^ 
soupape deux voies, 11, etant ici directement rfialisee par 
une coupure, sans enlevement de matiSre, du bout du 
catheter, suivant un plan passant par l'axe lOa f et ce sur 
toute l f §pais5eur <?e la paroi du tube et sur une longueur X 
correspondent, par exemple, environ aux trois-quarts du 
pourtour a cet endrolt du bout effilfe du tube. 

Si un differentiel de pression superieur a la 
gamine indiqu€e ci-dessus existe entre l'intferieur et 
I'exterieur du catheter, alors, tant dans le cas de la 
figure 2 que dans celui de la figure 4 r la fente 11 va 
s'ouvrir par ficartement relatif des deux parties de l&vres 
sensiblement planes qui se font face et qui la dfefinissent, 
ces lSvres ayant alors une sorte de mouvement de rotation 
dans un sens ou dans l'autre. 

Un tel mouveitient de rotation existe €galement 
dans la version des figured 6 et 7, oil la soupape frontale, 
rep£r£e ici ll 1 , pr£sente la forme d'une &toile a guatre 
branches (ou croix) , cette forme- ayant £t£ obtenue par 
simple coupure, suivant deux axes perpendiculaires 10a, 
lO'ap de la paroi de bout arrondi 13 du tube 10. on notera 
qu'ici, pour diminuer le differentiel de pression 
nficeseaire & l'ouverture de la soupape, le tube presents 
intfirieurement, juste avant son bout 13, un amincieseiti^nir 
de paroi constitu€ par une gorge int&rieure p&rimetriqu© 
15. 

La variante des figures 8 a 12 est quelgue peu 
differ ente, en ce qu'S la place d'une fente, ou d'une 
fetoile, la soupape rep€r£e 11" est ici constitute a partir 
d'une couronne ou paroi discoldale 17, en une matiere 
souple d&formable dont l'axe central est sensiblement 
confondu avec celui 10a du conduit 3 en travers duquel 
cette couronne s'etend, de telle maniSre qu'elle soit 
traversee, parallelement a son axe, par un trou central 19 
qui est normalement fenne (tant qu'on n'atteint pa.s un 
differentiel de pression suf fisant) , par contact entre les 
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troncons constituant le bard 17a § contour ferine qui 
l'entoure. 

En particulier, cette couronne 17 pourra 
presenter une section droits sensibleroent triangulaire ou 
du moins allant en s 'amincissant vers le trou 19, la 
couronne etant & sa pdripherie la plus large fixee (par 
©xemple, coliee) a la parol 10b du tube, de preference & 
proximite immediate de 1 ■ extremity distale de son conduit. 

Si ledit differentiel de press ion predetermine 
est atteint, alors 1' orifice 19 va s'ouvrir, sa section 
cjroite grandissant en taille par deformation sensibleroent 
axiale vers l^xterieur, en cas d r Injection (comme sur la 
figure 10) r ou vers l f interieur, en cas d f aspiration (comroe 
sur la figure 11) , avec ecartement relatif des tronsons de 
son bord intfirieur 17a, la souplesse de la couronne 17 
devant Stre choisie pour permettre cette deformation tout 
en evitant que la press ion 'sanguine puisse, d r elle-meme r 
ouvrir la soupape. 

Sur la variante des figures 13 et 14, la 
soupape axiale 11, qui peut se presenter coinroe une fente 
recti ligne, est ici menagee & 1 1 extremite terminale d'un 
ecibout rapporte 21 prSsentant une partie arri&re de section 
r€duite 23, engagee etroitement dans un logement 25 decoupe 
& l'extreraite distale 10b du tube, cette parti e de fixation 
23 se prolongeant au-dela du tube par une zone elargie a 
bout arrondi 25. Interieurement, I'embout 21 presente sur 
toute sa longueur, et dans la continuity axiale du conduit 
3 f un canal interne sensiblement de mime section 27, 
debouchant dono, a son extremite distale r sur la soupape 
11. A cet endroit, l»£paisseur de paroi de l'embout 21 sera 
de preference aminci pour favoriser, dans les conditions 
d£j£ indigufies, l'ouverture de cette soupape par 
deformation sensiblement en rotation des zones de paroi 
formant lSvres qui I'entourent. 

Sur les figures 15 et 16 , l'embout distal 
rapporte portant la soupape 11 et repere ici 29, presente 
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toujours un cylindre creux d'emmanchement 23 engage dans un 
logement de bout 25 du tube 10. Par contre, & l f exterieur 
de ce tube, l'embout 29 pr&sente malntenant une forme 
renfl§e 31 de section ext§rieure £ super ieure au diametre 
extfirieur ^ du tube. L'excroissance 31 pr£sentera, de 
preference, une forme exterieure sensiblement sphSrigue ou 
du mo ins arrondie pour eviter lee traumatismes, la fente ou 
coupure de soupape 11, rfialisee par coupure dans le plan 33 
contenant l'axe 10a presentant, vu depuis l'exterieur et 
dan3 son etat fermS illustre figure 16, la forme 
sieneiblement d'une ligne qui suit le contour anatomique du 
renfleinent 31. De cette raani&re, 11 va etre possible 
d'augmenter la longueur de la soupape. Si la tete 31 est 
sph£rique et presente un diametre qui peut etre de l'ordre 
de 4 mm, alors la longueur de la fente-soupape 11 pourra 
etre de l'ordre de 4,5 a 5 mm. On not era egalemeht 
gu 1 interieurement, pour dinfinuer la perte de charge, le 
f luide pen€trant a travers la eoupape pourra rencontrejr 
d'abord, compte tenu de la grande longueur de fente 
autorisee, un canal 35 allant en convergeant pour se 
raccorder axialement, & travers I'embout de raccordement 
23 f au conduit 3 . 

5ur les figures 17 a 19/ l'embout rapports 37 
est uniquement ext£|rieur. II forme une sorte de chapeau 
creux venant coif fey 1 ' extremite distale 10b du tube- 
cathSter dans l'axe de son conduit 3, la paroi transversale 
front ale 37a de ce chapeau etant f endue C to ujours, sans 
enlevement de mati&re) , pour definir la fente-soupape 11. 
Int£rieurement, le ponduit 3 pourra se terminer, tout & 
fait S son bout distal, par une partie allant en s'fevasant, 
par exemple de forme tronconique 39, permettant, comme dans 
le cas des figures 15 et 16, d'accroltre la longueur A de 
la fente 11 qui ici s'etend sensiblement en regard d'un 
bord extSrieur au bord diametralement oppose du tube, 

D f autres formes de fente qu'une fente lineaire 
(figure 18) pourraient §tre retenues. Par exemple, sur la 



2707505 



figure 19, la soupape rep€r§e 11 •'• se pr§sente sous \a 
forme d»une §toile & huit branches, venant coincider de 
inaniere etanche aux liguides en leur centra, dans I'etat 
ferme de repos du catheter, les sections angulaires de 
paroi separant deux branches succeeeives, pivotant plijs o 
laoins dans un sens ou dans 1« autre pour ouvrir la soupape 
lorsgue le diff€rentiel de press ion regu is est atteint. 
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1. Catheter en oatiere souple, pr£sentant : 
- un tube-catheter (10) renfermant un conduit 
interne (3) s'etendant suivant un axe (10a) , et 
5 - au mgins une soupape deux voies (11, 11", 

11", 11»»"J associee audit tube-catheter vers une extremity 
(10b) de son conduit, ladite soupape etant propre & 
coaanuniquer d»un c6t§ avee l*exterieur et r de 1» autre , avec 
ledit conduit (3) pour une communication selective entre le 
3 conduit et Vexterieur, telle que lorsgu^n differentiel de 
preesion predetermine existe entre l ( intex-±eur et 
l*exterieur du tube-catheter, ladite soupape s'ouvre en 
dfef inieeant un orifice temporaire (19) d travers lequal un 
liquide peut solt entrer dans le catheter, soit en sortir, 
caracterie§ en ee que ladite soupape (11, 11% 11") est 
disposee face au conduit (3), sensiblement suivant son axe 
(10a) . 

2. Cathfiter selon la revendication 1, 
oaracterise en ce que la soupape (11, 11", ll 11 . 1 ) est 

menagee dans une piece rapportee (7, 17, 21, 31, 37) fixee 
au tube-cath&ter (10) et disposee eenslblement dans l'axe 

du conduit (3) - 

3. Catheter selon la revendication 1 ou la 
revendication 2, caracterisS en ce que la soupape se 
raccorde au conduit (3) du tube-catheter par un passage 
(35, 39) allant en divergeant vers la soupape, pour 
augmenter la surface d'ouverture de celle-ci. 

4. Catheter selon l'une que Icon que des 
revendications precSdentes, caract£ris£ en ce que la 
soupape consists en au moins une fente (11, ll 1 , ll ,M ) r 
menagSe a travers une paroi (7 r 13, 37a) s'etendant en 
travers dudit conduit interne (3) . 

5. Catheter selon la revendication 4, 
caracterise en ce que la fente (ll r ll 1 , ll 1 '') qui 
traverse axialement ladite paroi, se presente 
exterieurement comme une ligne dans son Stat ferm§ de 
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rep os. 

6. Catheter selon l f une quelconque des 
revendications precedentes, caracterise en ce que le bout 
extreme (lb) du tube-catheter (10) que traverse ladite 
soupape est effile, 

7. Catheter selon l'une quelconque des 
revendications 4 a 6, caracterise en ce que ladite parol 
(7) dans laquelle est roenagee ladite fente constituanfc la 
soupape (11) consiste en deux demi-coquilles (7a r 7b) 
rapportees dans l f extremit§ du conduit (3), ces deux deiui- 
coquilles venant en contact etanche l'une avec 1* autre, 
suivant un plan de jonction (9) , dans un etat ferme de 
repos oH ledit dirferentiel de pression n'est pas atteAnt* 

B. Catheter selon l'une quelconque des 
revendications 4 a. 7, caracterise en ce que la durete -de 
ladite paroi (7, 13 , 21, 31 r 37a) a travers laquelle 
eiet(sont) menagee(s) la(les) fente (s) constituant la 
soupape est superieure a celle du tube-catheter (10) . 

9. catheter selon l'une quelconque des 
revendications 4 a 8, caracterise en ce que ladite fente se 
presente exterieurefcient conme une etoile, dans son etat 
ferme de repos oH ledit differentiel de pression n'est pas 
atteint . 

10. Catheter selon l'une quelconque des 
revendications pr§c£dentes, caracterise en ce qu f a 
proxiroite de I'ouverture de sa soupape (11, ll 1 , 11", 
ll ,,f ) r le tube-cathetar presente interieurement un 
anincissement de pajroi pour favoriser I'ouverture de Indite 
soupape par un mouvement de rotation de la paroi qui 
l'environne, 

11. Catheter selon I 1 une quelconque des 
revendications 2 3 10, caracterise en ce que la piece 
rapportee (7, 21, 31) constitue un embout engage au mo^ns 
partiel lenient dans ladite extremite du conduit (3) du tube 
catheter- 

12* Catheter selon l'une quelconque des 
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revendications 2 & 10, caractferisS en ce que ladite piece 
rapportSe (37) comprenant la soupape (11) consiste en una 
coiffe engagee autour de ladite extr£itiit£ du tube-catheter 
(10). 

13. Cathfeter selon la revendication 11 , 
caract£risfi en ce que I'embout (21, 29) se prolonge ai;-del§ 
de l'extr&mitfi du tube-catheter (10) par una partie ranfl&e 
(21, 31) dans laquelle est iu£nag§e ladite soupape (11) . 

14. Catheter selon I 1 turn quelconque des 
revendications 1 S 3, caract&rise en ce que ladite soupape 
(11") consiste en une paroi discoldale (17) an mat§riau 
souple dfefonnable, ayaht un axe central sensiblement 
confondu avec celui (10a) du conduit (3), en travers duquel 
cette paroi s'Stend, le disque £tant traverse paraliaieanent 
a son dit axe par un trou (19) qui est norraaleroent ferm§ 
lorsque ledit diffferentiel de pression n'est pas atteint, 
ce trou s'ouvrant par deformation de ladite paroi 
discoldale lorsque le diffferentiel de pression requis est 
atteint. 

IS, CathSter selon la revendication 14, 
caract£ris€ en ce que la paroi discoldale constituent la 
soupape (ll) pr£sente une section triangulaire, allant en 
diminuant vers son dit trou central (19) . 
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(54) Title: Two- Way Coaxial Valve Catheter 

(57) The subject of the invention is a catheter in the form of a tubular catheter (10) enclosing an 
internal conduit (3) extending along an axis (10a), and at least one two-way valve (5) connected 
to this catheter to provide selective communication between the conduit and the exterior. 
According to the invention, the valve (5), which is normally closed during inactivity, is formed 
facing the conduit (3), approximately following its axis (10a). 
The most common application is for vascular catheters. 
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The invention relates to a two-way valve vascular catheter made of a material that is flexible and 
"soft" (in the sense of not being aggressive in relation to the vessel walls), and at least locally 
very pliable; for example of silicone or a polyurethane-based material to which additives have 
been added to increase pliability. 

Hereafter, the term 'two-way valve" is used to refer to a self-sealing opening (that is, one 
normally closed during inactivity and essentially fluid-proof) that can be formed in a wall and 
that permits a fluid to flow from the catheter toward the outside whenever a set pressure 
differential is established between the interior and exterior of the catheter, this valve prevents 
any backflow of fluid from the exterior into the interior conduit except in the case that a second 
set negative pressure differential is established that is stronger than the pressure that the blood or 
other bodily fluids can normally exercise upon the valve from the outside. In particular, with the 
use of such a valve, blood or other bodily fluids can be prevented from sudden unwanted 
penetration into the interior of the catheter. On the other hand, if a venipuncture for example is 
desired, then the depressurization caused deliberately by aspiration within the interior of the 
catheter enables the inward entry of fluids. 

In other words, this type of two-way valve provides controlled selective circulation of fluids in 
the catheter in which it is formed. 

Catheters of this type already exist in the prior art, made of pliable synthetic material; they 
include: 

■ a tubular catheter enclosing an internal conduit extending along an axis, and 

■ at least one two-way valve connected to this catheter at one end of the conduit, whereby 
which is capable of communicating on one hand with the exterior and on the other hand 
with the conduit, establishing selective communication between this conduit 
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and the exterior, with the result that whenever a set pressure differential exists between 
the interior and the exterior of the catheter, the valve opens to create a temporary opening 
through which a fluid can either enter or exit the catheter. 

Among the known catheters of this type, we may cite specifically those covered by the U.S. 
patents US-A-4549879, US-A-4671796, or US-A-4701 166. 

Among these different patents, the valve (represented by a linear slot parallel to the axis of the 
catheter and its interior conduit) is formed in the lateral wall of the catheter close to its distal end, 
which is, the end where it terminates in a closed-off rounded tip. 

This kind of lateral valve configuration can have disadvantages, among them the not 
insignificant risk of injury to the vessel wall against which the valve is placed; caused by the 
frequently aggressive nature of the products that may be introduced to the vessels by means of 
such catheters. 

It has also been observed that in some situations the two-way valve of the above-mentioned 
catheters had a tendency either to open too freely in one or the other direction, or on the other 
hand to open too laboriously and requiring too great a pressure differential. 

Moreover, it has been discovered that selective opening and closing of the valves cannot be 
obtained in exactly the manner desired, especially when a catheter equipped with such a valve is 
positioned in such a way that it terminates at a tortuous site. The terminal curve on the catheter 
can cause the application of tension or a deformation constriction on the valve, which may 
change the pressure differential conditions required for the valve to open. 
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The task of the invention is to find a solution to these problems in particular, by devising a two- 
way valve catheter that is very reliable in use, easy to insert, risk-free to the patient, and 
economical to manufacture. 

For these reasons, the catheter according to the invention is specifically characterized in that the 
two-way valve attached to the catheter is formed facing the catheter conduit and approximately 
following its axis. 

In this way, if a product that is relatively aggressive to the vessel has to be introduced there, it 
would have a far better chance of being diluted by the blood flow than would be the case if a 
lateral configuration had been used, as for example in the US-A-4671796 patent. 

In addition, this frontal or opposing arrangement of the valve should reduce the risk of local 
weakening of the catheter wall. Even if the catheter terminates at a tortuous site in the vessel, its 
distal end is not negatively affected since it is approximately at that level that the valve is 
formed. 

In another embodiment of the invention the valve may be connected to the catheter conduit by a 
passageway extending in flared fashion to the valve, thereby enabling the surface of the opening 
of the valve to be increased. 

A variety of configurations of the valve have been provided for in the invention. 

In one, the valve may first of all have a frontal hole, normally closed during inactivity. 

In a variation of this, the valve may also consist of a slot basically extending transversally to the 
axis of the catheter conduit. This slot may be specifically in the shape of a "linear" line, but it is 
also possible to design it in the shape of a curve, or other shape. 



3 



2707505 



Instead of a single slot, it is also possible to configure the valve as a cross, or as a star with at 
least three points. 

Further features and advantages of the invention will become apparent from the description that 
follows, which is referenced to the attached figures; these are intended only as non-restrictive 
examples. 

■ Figure 1 is a schematic view of the front of a catheter according to the invention. 

■ Figure 2 is a sectional view along the median axis of a first embodiment of the distal end 
of the catheter. 

■ Figure 3 is a view of Fig. 2 in the direction of arrow HI. 

■ Figure 4 is a view similar to that of Fig. 2 of another embodiment. 

■ Figure 5 is a view of Fig. 4 in the direction of arrow V. 

■ Figure 6 is a view similar to that of Fig. 2 of another embodiment 

■ Figure 7 is a view of Fig. 6 in the direction of arrow VII. 

■ Figure 8 is a view similar to that of Fig. 2 of yet another embodiment. 

■ Figure 9 is a sectional view of Fig. 8 along the symmetrical plane of the line IX - EX. 

■ Figures 10 and 11 show schematically two functional stages of the catheter shown in Fig. 
8, i.e. during injection and aspiration. 

■ Figure 12 is a frontal view of Fig. 10 or Fig. 1 1 in the direction of airowXH. 
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■ Figure 13 is a view identical to that of Fig. 2 of another embodiment of the catheter. 

■ Figure 14 is a view of Fig. 13 in the direction of arrow XIV. 

■ Figure 15 is a view similar to that of Fig. 2 of yet another embodiment of the catheter. 

■ Figure 16 is a three-dimensional view of the catheter shown in Fig. 15. 

■ Figure 17 is a view similar to that of Fig. 2 of yet another embodiment. 

■ Figures 18 and 19 present two possible frontal configurations of the catheter shown in 
Fig. 17, in the direction of arrow XVII. 



Fig. 1 shows a catheter (1) capable of being inserted into a blood vessel, in particular a human 
blood vessel. This catheter has a proximal end (la) and an opposite distal end (lb) that has a tip 
of rounded type (lc). 

As illustrated, this catheter consists of a tubular catheter (10) enclosing an interior conduit (3) 
extending along the axis (10a) of the catheter between the two opposing ends. 

While the proximal end of the catheter has an opening corresponding to the diameter of the 
interior conduit, the opposite end (lb) is normally closed, but does have a two-way valve (5) 
formed approximately in the direction of the axis (10a) across the thickness of the front wall of 
the tip (lc) of the catheter, so as to communicate in one direction with the exterior and in the 
other with the conduit (3), and in such a manner that whenever a set pressure differential exists 
between the interior and the exterior of the catheter, the valve can open to create a temporary 
hole for fluid entry or exit. 
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In this way, as long as no depressurization exists within the conduit (3), created for example by a 
venipuncture, the frontal valve remains closed, preventing in particular any unexpected 
penetration of blood into the catheter interior, which might cause the risk of coagulation there 
unless an anticoagulant such as Heparin is used, and this possible blood coagulation would 
require the catheter to be cleaned after each application. 

In view of its possible use within a blood vessel, the catheter (10) should be designed from a 
synthetic material that is biocompatible and very pliable, flexible or elastically deformable at 
least locally (at the site of the valve), such as a silicone or a polyurethane-based material treated 
to increase pliability. A catheter with an approximately 3.0-3.5 mm diameter and an interior 
conduit diameter of 1 .5 mm may be suitable for this purpose. 

In clinical practice, such a catheter with its frontal valve (5) can be introduced with use of the 
standard Desilet-Hoffinan introduction technique. By this known medical technique, the vessel is 
first punctured with the needle; then a flexible metallic guide is introduced via the needle 
cannula; then, the needle is withdrawn. The guide wire enables a first, relatively thin introducer 
catheter to be inserted, which in turn can be used as a guide catheter for the introduction of a 
second, slightly larger diameter catheter, and this is used to introduce the catheter (1). This 
catheter with the larger diameter can for example have an inner diameter of 3.5-4.0 mm. 

The introduction usually takes place against the blood flow. For its introduction, the catheter (1) 
is installed inside the introducer catheter that has the larger diameter with its end (lb) in front. 



6 



2707505 



To facilitate catheter placement, only the near portion of its distal end (lb) for example needs to 
be formed from very pliable plastic, while the remaining length of the catheter, for example 
three- fourths of it, can be composed of a slightly more rigid material, such as standard 
polyurethane. The rigidity of the catheter itself then enables it to be pushed directly to the 
implantation site. Then, only the introducer has to be withdrawn as needed. 

Figures 2-19 show the different possible embodiments of the catheter according to the invention, 
from the perspective of its distal end (lb). 

First, Figures 2 and 3 show the catheter (10) with its axial interior conduit (3). The distal 
terminal end here 'Vents" axially through an attached biocompatible plastic part (7), which may 
have a slightly greater rigidity than the catheter (1 0) itself (about 1 00 Shore A units or less) and 
which may be attached (for example, by adhesive) along its periphery to the wall of the catheter. 

The part here (3) is composed of two segments or half-shells (7a, 7b), which during inactivity 
normally form a sealed contact with each other along their junction plane (90). Unless a pressure 
differential in the order of 1 00 x 10 2 Pa between the interior and the exterior of the catheter is 
reached, the transverse slot (1 1) on the catheter tip (as shown in the direction of the arrow HI in 
Fig. 2) will remain closed, with its two slot lips (7a, 7 b) laid one against the other in a way that 
seals out fluids. 

The length of this slot can be equivalent to its diameter (0i) and moreover may communicate 
with the conduit (3) via a connection passageway (9) that contracts in the direction of the slot . 
Specifically, this passageway (9) may have a conical shape. 



7 



2707505 



Figure 4 shows a different embodiment in which the distal end (lb) of the catheter is much more 
tapered. The slot forms a two-way valve (1 1) that is here directly created without any elevation 
of the material by a slit in the catheter tip along the plane of the axis (10a) across the entire 
thickness of the catheter wall and along a length (1) that is equivalent for example to about three- 
fourths of the perimeter at this site on the tapered catheter tip. 

If a pressure differential above the range indicated above exists between the interior and the 
exterior of the catheter, in the cases of both Fig. 2 and Fig. 4 the slot (11) opens by relative 
separation of the two parts of the more or less flat slot lips that face each other and define the 
slot. These two slot lips then adopt a type of rotatory motion in one or other direction. 

Such rotatory motion also exists in the version shown in Figures 6 and 7, in which the frontal 
valve indicated here (1 1 ') has the shape of a four-point star (or a cross). This shape is created by 
a simple cut, along two perpendicular axes (10a, 10'a), in the wall of the rounded tip (13) of the 
catheter (10). Here the catheter here has a thinning of the wall immediately in front of the tip 
(13) created by a circumferential internal groove (15) for the purpose of reducing the pressure 
differential required to open the valve. 

The embodiment shown in Figures 8-12 is different, in the sense that instead of a slot or a star, 
the valve indicated as (11 ") is here formed by a crown or disk-shaped wall (17) of pliable 
deformable material. The central axis here approximates that (10a) of the conduit (3) across 
which the crown extends, in a way that the crown is pierced parallel to its axis by a central hole 
(19) that is normally closed (unless reversed by a pressure differential of sufficient size) by 
contact between the segments comprising the closed contoured border (17a) that encircles the 
hole. 
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Specifically, this crown (17) may have a straight section that is approximately triangular or at 
least nairows in the direction of the hole (19). The crown is attached (for example with adhesive) 
at its widest periphery to the catheter wall (1 Ob), preferably in the immediate proximity of the 
distal end of the conduit. 

It the stated set pressure differential is reached, then the hole (19) opens, with its straight section 
increasing in size due to the approximate axial deformation either toward the exterior in the case 
of injection (as seen in Fig. 10), or toward the interior in the case of aspiration (as seen in Fig. 
11). Relative separation of the segments along the interior border (17a) occurs. The degree of 
pliability of the crown (17) should be selected to permit this deformation, to avoid the possibility 
that the blood pressure may open the valve. 

In the embodiment illustrated in Figures 13 and 14 the axial valve (1 1), which can be 
implemented as a rectilinear slot, is formed at the terminal end of the attached tip (21). The tip 
has a reduced area (23) in its rear portion, which is tightly inserted into a recess (25) cut into the 
distal end (10b) of the catheter; this attachment area (23) extends beyond the catheter into an 
enlarged area with rounded tip (25). Inside, the tip (21) is provided all along its length and in 
axial continuity with the conduit (3), with an interior channel that is approximately of the same 
size (27) and exits at its distal end via the valve (1 1). At this site, the thickness of the tip wall 
(21) is preferably reduced to enhance (under the conditions already indicated) the opening of the 
valve by approximately rotatory deformation of the wall segments that form the slot lips 
encircling the valve. 
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In Figures 15 and 16, the attached distal tip that supports the valve (1 1) and is indicated here as 
(29) always has a hollow retention cylinder (23) inserted into a recess on the tip (25) of the 
catheter (10). However, on the exterior of this catheter the tip (29) now has a balloon shape (31), 
with its external segment s greater than the external diameter cp2 of the catheter. The balloon area 
(31) preferably has an approximately spherical or at least a rounded external shape in order to 
prevent trauma. When viewed from the exterior and in its closed state as illustrated in Fig. 16, 
the valve slot or slit (1 1), which is created by cutting along the plane (33) represented by the axis 
(10a) has essentially the shape of a line that follows the anatomical contours of the balloon area 
(31). This makes it possible to increase the length of the valve. If the head (31) is spherical and is 
provided with a diameter in the range of 4 mm, then the length of the valve slot (1 1) can be as 
great as 4.5-5.0 mm. In order to prevent loss of load, internally the fluid passing through the 
valve may first encounter (keeping in mind the selected slot length size) a channel (35) that 
converges as it connects axially with the conduit (3) via the connection tip (23). 

In Figures 17-19 the attached tip (37) is totally exterior. It forms a kind of hollow cap covering 
the distal end (10b) of the catheter on the axis of the conduit (3). The transverse front wall (37a) 
of this cap is slit (always without elevation of the material) to form the valve slot (1 1). Internally, 
the conduit (3) may terminate entirely at its distal end in a flared segment like a flattened cone 
(39), thereby enabling the length Q) of the slot (1 1) to be increased (as shown in Figs. 15 and 
16). The slot (1 1) here extends approximately from the exterior border to the diametrically 
opposed border of the catheter. 

Other shapes for the slot may be selected in preference to the linear slot (Fig. 18). For example, 
Figure 19 shows a valve (indicated as 1 1'") with the shape of an eight-point star. The slot lips 
approximate at their center point to form a fluid-proof seal in their closed state during catheter 
inactivity. The angular segments of the wall separating two successive points pivot more or less 
in one direction or the other to open the valve whenever the requisite pressure differential is 
reached. 
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CLAIMS 

1 . Catheter of pliable material, composed of: 

• a tubular catheter (10) enclosing an internal conduit (3) extending along an axis (10a), 
and 

■ at least one two-way valve (1 1, 11 ', 1 1 ", 1 1 ' "), connected to this catheter at one end 
(1 Ob) of the conduit, such valve being capable of communicating between the exterior 
on the one hand and the conduit (3) on the other, to provide selective communication 
between the conduit and the exterior, so that whenever a set pressure differential 
exists between the interior and the exterior of the catheter, the valve opens to create a 
temporary opening (19) through which fluid can either enter or exit the catheter, 
characterized in that the valve (1 1, 1 1', 1 1") is formed facing the conduit (3), 
approximately following its axis (1 0a). 

2. Catheter according to Claim 1, characterized in that the valve (11, 11", 11"*) is created 
in an attached part (7, 17, 21, 31, 37) connected to the catheter (10) and aligned 
approximately on the axis of the conduit (3). 

3. Catheter according to Claims 1 or 2, characterized in that the valve is connected to the 
conduit (3) of the catheter via a passageway (35, 39) that flares toward the valve to 
increase the surface of its opening. 

4. Catheter according to any of the previous Claims, characterized in that the valve is 
composed of at least one slot (11, 11', 11 "') created through one wall (7, 13, 37a) and 
extending across the internal conduit (3). 

5. Catheter according to Claim 4, characterized in that the slot (11,11', 11'") that crossed 
the wall axially is represented externally as a line in its closed state during inactivity. 
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6. Catheter according to any of the previous Claims, characterized in that the distal tip (lb) 
of the catheter (10) that crosses the valve is tapered. 

7. Catheter according to any of Claims 4-6, characterized in that the wall (7) in which the 
slot is created to form the valve (1 1) is composed of two half-shells (7a, 7b) attached at 
the end of the conduit (3), and that these two half-shells form a sealed contact with each 
other along their junction plane (9) in their closed state during inactivity when the stated 
pressure differential is not reached. 

8. Catheter according to any of Claims 4-7, characterized in that the rigidity of the wall (7, 
13, 21, 31, 37a) through which the slot(s) is/are formed to make a valve is greater than 
that of the catheter (10). 

9. Catheter according to any of Claims 4-8, characterized in that the slot is represented 
externally as a star in its closed state during inactivity when the stated pressure 
differential is not reached. 

10. Catheter according to any of the previous Claims, characterized in that in the proximity 
of the valve opening (1 1, 1 1', 1 1 ", 1 1 "') the catheter has internally a thinning of the wall 
to enhance the opening of the valve by way of a rotatory motion of the wall that encircles 

it. 

11. Catheter according to any of Claims 2-10, characterized in that the attached part (7, 21, 
31) comprises a tip at least partially inserted into the end of the conduit (3) of the 
catheter. 
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12. Catheter according to any of Claims 2-10, characterized in that the attached part (37) 
forming the valve (1 1) consists of a cap placed over the end of the catheter (10). 

13. Catheter according to Claim 1 1, characterized in that the tip (21, 29) is extended beyond 
the end of the catheter (10) to form a balloon part (21, 31) in which the valve (11) is 
created. 

14. Catheter according to any of Claims 1-3, characterized in that the valve (11") consists of 
a disk-shaped wall (17) made of pliable deformable material, the central axis of which 
approximates that (10a) of the conduit (3) crossed by this wall; that the disk is pierced 
parallel to its axis by a hole (19) that is normally closed whenever the stated pressure 
differential has not been reached; that this hole opens by deformation of the disk-shaped 
wall whenever the required pressure differential is reached. 

15. Catheter according to Claim 14, characterized in that the disk-shaped wall forming the 
valve (11) has a triangular segment that decreases in the direction of its central hole (19). 
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